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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention relates to a ceramic honey- 
comb structural body suitable for a catalyst carrier, 
wherein a number of flow channels having a polygonal 
cell-like cross-section and extending longitudinally 10 
through the honeycomb structural body are defined by a 
peripheral wall and partition walls arranged inside of the 
peripheral wall. 

The present invention also relates to a ceramic hon- 
eycomb catalyst comprising such a honeycomb struc- is 
tural body and a catalytic substance carried thereon. 

2. Description of the Related Art 

The ceramic honeycomb structural body having the 20 
above-mentioned arrangement is widely used, for 
example, as a catalyst carrier in an exhaust gas clean- 
ing system for automobiles. The ceramic honeycomb 
structural body as the catalyst carrier has become wide- 
spread due to a low pressure loss during passage of the 25 
exhaust gas as a result of a high open frontal area, and 
an excellent exhaust gas clarifying performance. In this 
connection, an advanced ceramic honeycomb structural 
body which has been put into practical use has, for 
example, a partition wall thickness of 0.170 mm and a 30 
cell density of 60 cells per 1 cm 2 . 

In accordance with a recent enhancement in the 
exhaust gas regulation as related to environmental 
problems, e.g., a requirement for reduction in the total 
emission amount of hydrocarbon in the LA-4 mode 35 
which is one of exhaust gas evaluation test modes in the 
United States, there is a strong demand for an improved 
ceramic honeycomb structural body which is capable of 
achieving a distinguished exhaust gas clarifying per- 
formance as compared to conventional honeycomb 40 
structural bodies. Specifically, in an operational state 
immediately after starting an engine, i.e., in the so- 
called cold start state, the exhaust gas clarifying effi- 
ciency undergoes a considerable deterioration because 
the catalyst is still not much warmed and hence it is not 45 
sufficiently activated. Thus, an early activation of the 
catalyst during the cold start state is considered as the 
most important task to clear the exhaust gas regulation. 
From such a viewpoint, as a general discussion, it has 
been proposed to reduce the thickness of the partition so 
walls of the ceramic honeycomb structural body. The 
thin-walled ceramic honeycomb structural body serves 
on one hand to increase the open frontal area and 
thereby decrease the pressure loss and reduce the 
structure weight, and on the other hand to decrease the 55 
heat capacity of the catalyst and enhance the tempera- 
ture elevation speed of the catalyst. In this case, a large 
geometric surface area of the honeycomb structural 
body can be obtained so that it is also possible to realize 



a compact structure. However, the thin-walled ceramic 
honeycomb structure requires a careful handling 
because it is generally difficult to achieve a predeter- 
mined minimum guarantee value for the isostatic 
destruction strength as one index of the structural 
strength. Thus, damage of the catalyst carrier may be 
caused during installation operation, that is so-called 
"canning" for mounting the honeycomb structural body 
in a catalyst converter casing so as to prevent move- 
ment of the honeycomb structural body due to vibration 
and the like in a practical use condition. In this connec- 
tion, a typical canning method is to hold the honeycomb 
structural body from the outer peripheral surface 
thereof, though there may be instances wherein the 
honeycomb structural body is held either solely in the 
flow passage direction, or from the outer peripheral sur- 
face and also in the flow passage direction. Therefore, it 
is generally considered necessary for the above-men- 
tioned minimum guarantee value to be no less than 5 
kgf/cm 2 , preferably no less than 10 kgf/cm 2 in term of 
the isostatic destruction strength. Conventionally, a 
reduction of the partition walls in the ceramic honey- 
comb structure and an achievement of a sufficient iso- 
static destruction strength have been recognized as 
problems of antinomy with each other, and there has not 
been known any ceramic honeycomb structure having a 
partition wall thickness of less than 0.170 mm, which 
can be put into practical use in a reliable and satisfac- 
tory manner. 

DISCLOSURE OF THE INVENTION 

Therefore, it is one object of the present invention to 
provide a thin-walled ceramic honeycomb structural 
body having a preferable open frontal area and a suffi- 
cient isostatic destruction strength despite the thin par- 
tition walls. 

Another object of the present invention is to provide 
an improved ceramic honeycomb catalyst having a 
reduced heat capacity provided by a thin-walled 
ceramic honeycomb structural body with a sufficient iso- 
static destruction strength despite the thin partition 
walls. 

According to the present invention, there is pro- 
vided a ceramic honeycomb structural body comprising 
an outer peripheral wall having a thickness of at least 
0.1 mm, preferably 0.15 mm or more, and partition walls 
arranged inside of the peripheral wall and having a 
thickness (t) within a range of 0.050 mm and 0.150 mm, 
a number of flow channels being defined by the periph- 
eral wall and the partition walls and arranged adjacent 
to each other with the partition walls between neighbor- 
ing flow passages, the flow passages having a polygo- 
nal cell-like cross-section and extending longitudinally 
through the honeycomb structural body, the honeycomb 
structural body comprising a ceramic material having a 
true specific gravity and a porosity and satisfying at 
least one of the following formulae (1) and (2): 
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0.65 < OFA < -0.58 xt + 0.98 (1) 
k x {1 - (-0.58 x t + 0.98)} < G < k x 0.35 (2) 

wherein OFA and G are an open frontal area and a bulk 
density of the honeycomb structural body, respectively, 
and k is a factor representing said true specific gravity 
multiplied by (1 - porosity); the honeycomb structural 
body having an A-axis compressive strength of no less 
than 50 kgf/cm 2 and a B-axis compressive strength of 
no less than 5 kgf/cm 2 , preferably 10 kgf/cm 2 or more. 

The present invention also provides an improved 
ceramic honeycomb catalyst comprising a catalyst car- 
rier formed of a ceramic honeycomb structural body, 
and a catalytic substance carried by the honeycomb 
structural body, wherein the ceramic honeycomb struc- 
tural body includes all the above-mentioned novel fea- 
tures of the present invention. The catalyst according to 
the invention can have a heat capacity of no more than 
450 kJ/K per unit volume of 1 m 3 of the catalyst, prefer- 
ably no more than 410 kJ/K per 1 m 3 . 

The "A-axis compressive strength", the "B-axis 
compressive strength" and the "isostatic strength" as 
used herein are indices of the compressive strength all 
defined in the JASO standard M505-87, an automobile 
standard issued by Corporation of Automobile Technol- 
ogy Association. Thus, the A-axis compressive strength 
refers to a destruction strength when a compressive 
load is applied in the flow passage direction of the hon- 
eycomb structure, i.e., in the direction perpendicular to 
the cross-section of the honeycomb structure. The B- 
axis compressive strength is defined as a destruction 
strength when a compressive load is applied in the 
direction parallel to the cross-section of the honeycomb 
structure and perpendicular to the partition walls. Fur- 
ther, the isostatic strength refers to a compressive 
destruction strength when an isostatic, namely isotropic 
hydrostatic load is applied to the honeycomb structure, 
and is represented by a pressure value when the 
destruction occurs. 

The A-axis compressive strength is not significantly 
affected by disorders of the honeycomb structure, such 
as deformation degree of the partition wall and the like, 
but has a strong correlation with the material strength 
since the compressive load is applied in the flow pas- 
sage direction. In contrast thereto, although the B-axis 
compressive strength depends on the material strength, 
it is more strongly affected by disorders of the honey- 
comb structure such as a deformation degree of the 
partition wall. This applies to the isostatic strength as 
well, so that any one of the isostatic strength and the B- 
axis compressive strength serves as an index of the 
strength characteristic of the structure. However, the B- 
axis compressive strength is measured in a state in 
which there is no peripheral wall, and is therefore free 
from any influence of the peripheral wall structure. 

Needless to say, the peripheral wall exhibits a func- 
tion as an outer shell to protect the inner honeycomb 
structure from an external pressure and to withstand the 



load during the canning at its outer peripheral surface. 
The peripheral wall bears an important role in this 
respect, because its destruction in many cases results 
in that the partition walls adjacent to the peripheral wall 

5 are acted by an abnormal load to start a chain of local 
destructions. In this connection, when the extrusion 
molding property of the honeycomb structural body is 
also taken into consideration, it is preferable for the 
peripheral wall thickness to be no less than 0.15 mm. 

10 There is no clear correlation between the isostatic 
strength and the B-axis compressive strength, since the 
load application state is different and the generated 
stress distribution, too, is different. However, there is 
such a tendency that the higher the B-axis compressive 

15 strength is, the higher the isostatic strength is. 

As described above, the A-axis compressive 
strength and the B-axis compressive strength are basic 
indices of the strength characteristic of the honeycomb 
structure, in that the A-axis compressive strength 

20 mainly indicates the influence on the part of the material 
strength and the B-axis compressive strength indicates 
the influence on the part of the honeycomb structure. 
The isostatic strength, in turn, indicates the practical 
structural strength characteristic and is expressed as a 

25 result of mutual interrelation of the influences of the 
material, the honeycomb structure, and the peripheral 
wall structure represented by the peripheral wall thick- 
ness. 

According to the present invention, the partition 

30 walls of the ceramic honeycomb structural body as the 
catalyst carrier for the ceramic honeycomb catalyst are 
constituted as the thin walls as compared with those 
already known in the prior art. It is therefore possible not 
only to increase the open frontal area and reduce the 

35 pressure loss, but also to reduce the heat capacity of 
the honeycomb structure as the catalyst carrier and 
hence that of the catalyst itself. It is of course that the 
smaller the heat capacity of the catalyst is, the faster the 
catalyst temperature elevates in the cold start state, 

40 thereby allowing the catalyst to be activated earlier so 
as to achieve an improved exhaust gas clarification per- 
formance. According to the present invention, further- 
more, the above-mentioned predetermined conditions 
as expressed by the formulae (1 ) and/or (2) are satisfied 

45 between the thickness of the partition walls and the 
open frontal area and/or bulk density of the honeycomb 
structure, so that it is possible to realize practically sat- 
isfactory compressive strength characteristics of the 
honeycomb structural body notwithstanding the thin- 

so walled constitution. 

The constitution of the ceramic honeycomb struc- 
tural body having the above-mentioned basic features 
according to the present invention is particularly advan- 
tageous from practical view point, when the thickness t 

55 of the partition walls is no more than 0.124 mm, when 
the open frontal area OFA is no less than 0.70 or when 
the bulk density G no more than k x 0.30, due to the fol- 
lowing reasons. Namely, when the honeycomb structure 
having the wall thickness t of no more than 0.124 mm is 
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used as the catalyst carrier, a particularly distinguished 
exhaust gas clarification performance can be achieved 
while realizing a practically satisfactory compressive 
strength characteristics. In addition thereto, when the 
open frontal area of the honeycomb structure is no less 
than 0.70 on the lower limit side or the bulk density G of 
the honeycomb structure is no more than k x 0.30 on 
the upper limit side, then it becomes possible to realize 
the satisfactory compressive strength characteristics 
while realizing an excellent pressure loss characteristic 
and the distinguished exhaust gas clarification perform- 
ance. Further, since the weight of the honeycomb struc- 
tural body is reduced, when it is used as the catalyst 
carrier in exhaust gas clarification systems for automo- 
biles, it is possible to reduce the vehicle body weight of 
the automobile and hence improve the fuel consump- 
tion characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further explained in 
detail hereinafter with reference to the accompanying 
drawings, in which: 

Fig. 1 is a perspective view showing the entire 
arrangement of the ceramic honeycomb structural 
body according to one embodiment of the present 
invention; 

Fig. 2 is a schematic view showing one example of 
the flow passages and the partition walls in the 
ceramic honeycomb structural body according to 
the present invention; 

Fig. 3 is a graph showing the relationship between 
the open frontal area and the partition wall thick- 
ness of the ceramic honeycomb structural body; 
Fig. 4 is a graph showing the relationship between 
the bulk density and the partition wall thickness of 
the ceramic honeycomb structural body; 
Fig. 5 is a graph showing the relationship between 
the open frontal area and the deformation degree of 
the peripheral wall; 

Figs. 6A and 6B are explanatory views showing the 
mode of transfer of the honeycomb structural body 
immediately after it has been extruded, and occur- 
rence of the local deformation of the partition wall 
during the transfer. 

Fig. 7 is a graph showing the relationship between 
the interval of the partition walls and the open fron- 
tal area of the ceramic honeycomb structural body; 
Fig. 8 is a diagram showing the measuring system 
for the pressure loss characteristic of the ceramic 
honeycomb structural body; 
Fig. 9 is a graph showing the pressure loss charac- 
teristic measured by the system of Fig. 8; 
Fig. 10 is a graph showing the change in the pres- 
sure loss in accordance with the change in the open 
frontal area, measured by the system of Fig. 8 with 
the air flow amount maintained constant; 
Fig. 1 1 is a diagram showing the testing system for 



the honeycomb structural body using an actual 
engine; 

Fig. 12 is a graph showing the engine output char- 
acteristic measured with the testing apparatus of 

5 Fig. 11; 

Fig. 13A is a diagram showing the vehicle speed 
pattern based on the LA-4 mode as a representa- 
tive example of the vehicle running test mode; 
Fig. 13B is a detailed diagram showing the vehicle 

10 speed pattern during the initial 505 seconds in the 
LA-4 mode; 

Fig. 14 is a graph showing the accumulated hydro- 
carbon discharge amount during the initial 505 sec- 
onds in the LA-4 mode; 

15 Fig. 15 is a graph showing the relationship between 
the hydrocarbon discharge amount during the initial 
505 seconds in the LA-4 mode and the partition 
wall thickness of the honeycomb structural body; 
Fig. 16 is a graph showing the relationship between 

20 the hydrocarbon discharge amount and the catalyst 
heat capacity of the honeycomb structural body; 
Fig. 1 7 is a graph showing the relationship between 
the clarification efficiency and the heat capacity of 
the honeycomb structural body for various exhaust 

25 gas components; 

Fig. 18 is a graph showing the temperature change 
of various honeycomb structural bodies during the 
initial 505 seconds in the LA-4 mode; 
Fig. 19 is a graph showing the discharge amounts 

30 of various exhaust gas components during the ini- 
tial 505 seconds in the LA-4 mode; 
Fig. 20 is a diagram showing the definition of the 
center line of the partition wall in the honeycomb 
structural body; 

35 Figs. 21 A, 21 B and 21 C are explanatory views 
showing various modes of the bend deformation of 
the partition wall in the honeycomb structural body, 
and the deformation amounts for such deformation 
modes; 

40 Fig. 22 is a graph showing the relationship between 
the isostatic strength and the maximum bend defor- 
mation amount (length ratio L B /L^ of the partition 
wall; 

Fig. 23 is a graph illustrating the occurrence fre- 
45 quency of the partition walls which have been sub- 
jected to the bend deformation in cross-section of a 
honeycomb structural body; 
Fig. 24 is a graph showing the relationship between 
the isostatic strength and the proportion of the 
so number of the partition walls having the length ratio 
Lb/L a which is within the range between 1.10 and 
1.15, to the total number of the partition walls; 
Figs. 25A and 25B are explanatory views showing 
possible forms of the partition walls which have 
55 been subjected to the bend deformation; 

Fig. 26 is an explanatory view showing the crushed 
deformation amount of the partition walls of the 
honeycomb structural body having flow passages 
of square cross-section; 
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Figs. 27A and 27B are explanatory views respec- 
tively showing the states before and after the 
crushed deformation of the partition walls of the 
honeycomb structural body having flow passages 
of hexagonal cross-section; 
Fig. 28 is a graph showing the relationship between 
the isostatic strength and the length ratio L max /L mjn 
of the diagonal lines in the case of square cross- 
section of flow passages, with the partition wall 
thickness as the parameter; 
Fig. 29 is a graph showing the relationship between 
the isostatic strength and the length ratio L max /L min 
of the diagonal lines in the case of hexagonal cross- 
section of flow passages, with the partition wall 
thickness as the parameter; 
Figs. 30A and 30B are explanatory views showing 
the defective states of the partition walls in the hon- 
eycomb structural body having a square cross-sec- 
tion of flow passages; 

Fig. 31 is a graph showing the relationship between 
the isostatic strength and the number of defective 
partition walls among the total partition walls, with 
the partition wall thickness as the parameter; and 
Fig. 32 is a graph showing the relationship between 
the isostatic strength and the number of defective 
partition walls in the outer peripheral region, with 
the partition wall thickness as the parameter. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to Fig. 1 , there is shown a ceramic 
honeycomb structural body according to one embodi- 
ment of the present invention, which is denoted as a 
whole by reference numeral 10. The honeycomb struc- 
tural body 10 is provided with a peripheral wall 1 1 and 
partition walls 12 arranged inside thereof. The partition 
walls 12 define in the honeycomb structural body 10 a 
number of flow passages 13 in the form of cells of a 
polygonal cross-section, e.g., a triangular, square or 
hexagonal cross-section. These flow passages 13 
extend longitudinally through the honeycomb structural 
body 10, for passing therethrough a fluid, such as an 
exhaust gas of an internal combustion engine. The hon- 
eycomb structural body 1 0 may be round or circular in a 
cross-section perpendicular to the flow passage direc- 
tion, as shown in Fig. 1. Alternatively, the honeycomb 
structural body 10 may have a different cross-sectional 
shape, e.g., an oval cross-section with elongated circu- 
lar or elliptic contour, or other non-circular cross-sec- 
tion. Honeycomb structural bodies with such cross- 
sectional shapes, per se, are known and practically 
used. Moreover, the honeycomb structural body 10 has 
a longitudinal axis extending in the direction of the flow 
passages 13, which may be either straight or bent in a 
conventional manner known, per se. 

The honeycomb structural body 10 according to the 
present invention can be suitably used, e.g., as a cata- 
lyst carrier in exhaust gas clarification systems for auto- 



mobiles. The honeycomb structural body 10 may be an 
integrally extruded body consisting essentially of 
cordierite, mullite, alumina, silicon carbide, silicon 
nitride or zirconia. Advantageously, however, when the 

5 spalling resistance characteristic is also taken into 
account, the honeycomb structural body 10 is an inte- 
grally extruded body consisting essentially of cordierite 
and having flow channels 13 of square cross-section. 
According to the present invention, when the hon- 

10 eycomb structural body 10 is used as a catalyst carrier, 
for example, the surface of the partition walls 12 is 
coated initially by a base material, such as y-alumina or 
the like, by an amount of no less than 100 g/l with refer- 
ence to a catalyst volume. Subsequently, a catalytic 

15 substance consisting essentially of at least one of noble 
metals among Pt, Rh and Pd is carried on the surface of 
the base material, by an amount of no less than 2 g/l 
with reference to the catalyst volume. In this case, the 
ceramic honeycomb catalyst comprising the honey- 

20 comb structural body 1 0 which has been coated with the 
base material and the catalytic substance, as described 
above, has a heat capacity which is no more than 450 
kJ/K, preferably no more than 410 kJ/K, per 1 m 3 of the 
catalyst. 

25 In accordance with the present invention, the 
ceramic honeycomb structural body 10 has an A-axis 
compressive strength which is no less than 50 kgf/cm 2 , 
and a B-axis compressive strength which is no less than 
5 kgf/cm 2 , preferably no less than 1 0 kgf/cm 2 . The thick- 

30 ness of the peripheral wall 1 1 of the honeycomb struc- 
tural body 10 is at least 0.1 mm, and the thickness t (Fig. 
2) of the partition walls 12 is within a range between 
0.050 mm and 0.150 mm. According to the present 
invention, furthermore, the open frontal area OFA and 

35 the bulk density G of the honeycomb structural body 10 
satisfy the following formulae (1) and (2), respectively: 

0.65 < OFA < -0.58 xt + 0.98 (1) 

40 k x {1 - (-0.58 x t + 0.98)} < G < k x 0.35 (2) 

where k is a factor representing the true specific gravity 
of the ceramic material forming the honeycomb struc- 
tural body 10, multiplied by (1 - material porosity). 
45 As known in the art, the open frontal area OFA and 
the bulk density G of the honeycomb structural body 10 
have a complementary relationship with each other so 
that, if either one of them has been determined, the 
other can be determined by itself when the true specific 
so gravity and the porosity of the material are known. 

The present invention is to define the particular 
relationships between the partition wall thickness t (in 
units of mil; 1 mil is 0.0254 mm) and the the open frontal 
area OFA and between the partition wall thickness t and 
55 the bulk density G as shown in Figs. 3 and 4, respec- 
tively, wherein the formulae (1) and (2) are satisfied in 
the hatched regions. The upper limit value (-0.58 x t + 
0.98) of the open frontal area OFA in the formula (1) is 
an approximate expression based on a result of investi- 
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gations as shown in Fig. 5 in which the relationship 
between the open frontal area and the local deforma- 
tions of the peripheral walls of various samples was 
investigated with the partition wall thickness t as the 
parameter, and the acceptability of these samples was 5 
judged according to the deformation degree. 

Namely, honeycomb structural bodies immediately 
after they have been extruded are conveyed to a subse- 
quent step while being temporarily supported on a ped- 
estal with their outer peripheral surfaces in abutment 10 
with a substantially horizontal supporting surface of the 
pedestal, as shown in Fig. 6A. During such transfer, the 
honeycomb structural body is still soft and may thus be 
subjected to a local deformation at the peripheral wall, 
as shown in Fig. 6B. With such a local deformation at 15 
the peripheral wall of the honeycomb structural body, 
deviated contact of the honeycomb structure may occur 
during the canning, or the partition walls in the vicinity of 
the locally deformed region of the peripheral wall may 
undergo a successive deformation, thereby enhancing 20 
the probability of decrease in the isostatic strength 
and/or breakage of the honeycomb structure. 

Therefore, the acceptability of the honeycomb 
structural body has been judged taking into account the 
deformation degree of the peripheral wall in relation to 25 
the open frontal area OFA of the honeycomb structure. 
As known in the art, an increase in the open frontal area 
OFA results in a decreased cell density, a decreased 
number of the partition walls forming the honeycomb 
structure and an increased intervals (cell pitch) of the 30 
partition walls supporting the circumferential wall. The 
relationship between the open frontal area OFA and the 
partition wall interval in the honeycomb structure is 
shown in Fig. 7. It can be clearly appreciated from Fig. 
7 that, for any partition wall thickness, the partition wall 35 
interval rapidly increases at a certain open frontal area. 
Further investigations have been conducted on the rela- 
tionship between the open frontal area OFA and the 
partition wall thickness t. As a result, it has been con- 
firmed that the peripheral wall supported between the 40 
partition walls tends to deflect when the open frontal 
area OFA exceeds -0.58 xt + 0.98. It has been also con- 
firmed that such deflection of the peripheral wall 
enhances the tendency of the local deformation of the 
peripheral wall and successive deformation of adjacent 45 
partition walls supporting the peripheral wall, thereby 
significantly decreasing the isostatic strength of the 
honeycomb structural body. If the partition walls and the 
peripheral walls have ideally accurate shapes without 
deformations, application of an isostatic load causes a 50 
compressive stress field to prevail in the honeycomb 
structure. However, occurrence of the local deforma- 
tions may give rise to generation of tensile stresses at 
the deformed regions, and the isostatic strength is then 
governed by the tensile stress and caused to rapidly 55 
decrease. 

Distinguished functional characteristics of the 
ceramic honeycomb structural body 10 and the ceramic 
honeycomb catalyst in accordance with the present 



invention, both satisfying the above-mentioned condi- 
tions, will be further explained hereinafter on the basis 
of various experimental results. 

At the outset, investigation has been conducted to 
ascertain the relationship between the pressure loss 
characteristic and the open frontal area of the ceramic 
honeycomb structural body 10 according to the present 
invention. Fig. 8 shows a measuring system 20 used for 
the measurement of the pressure loss characteristic of 
the honeycomb structural body. The measuring system 
20 includes an air blower 21, a flow straightening sec- 
tion 22 and a measuring section 23. Measurement with 
such a measuring system 20 has been carried out by 
arranging within the measuring section 23 an object 
whose pressure loss is to be measured, i.e., a honey- 
comb structural body 24, operating the blower 21 so that 
pressurized air is fed through the flow straightening sec- 
tion 22 and passed through the flow channels of the 
honeycomb structural body 24, and measuring the pres- 
sure loss across the honeycomb structural body 24, i.e., 
the pressure difference between the upstream and 
downstream sides of the honeycomb structural body 24, 
by means of a manometer 25 which is in connection 
with the measuring section 23. Measurement of the 
pressure loss characteristic by means of the measuring 
system 20 has been carried out with respect to a series 
of ceramic honeycomb structural bodies each having a 
constant size (cross-section and volume) and a different 
open frontal area, by changing the air flow rate. 

The measurement of the pressure loss characteris- 
tic of the series of honeycomb structural bodies resulted 
in the data shown in Fig. 9, from which it can be clearly 
appreciated that the pressure loss increases with 
decrease in the open frontal area OFA. Fig. 10 further 
shows the change in the pressure loss of the same 
series of the honeycomb structural bodies, expressed in 
relation to change in the open frontal area OFA with the 
air flow amount maintained constant (5 m 3 /min). It can 
be appreciated from Fig. 10 that an incremental ten- 
dency of the pressure loss with reference to decrease in 
the open frontal area OFA becomes remarkable at an 
open frontal area of no more than 70 %, particularly no 
more than 65 %. This reveals the desirability for the 
lower limit value of the open frontal area to be 65 % (= 
0.65), preferably 70 % (= 0.70). 

Next, explanation will be made of the output charac- 
teristic of internal combustion engines as influenced by 
the ceramic honeycomb structural body 10 in accord- 
ance with the present invention, in particular the open 
frontal area OFA thereof. Fig. 1 1 shows a testing appa- 
ratus 30 used for measuring the output of an actual 
internal combustion engine 31 , which is comprised of a 
6-cylinder gasoline engine having a displacement of 
3000 cc, and is followed by an exhaust manifold 32 hav- 
ing a length of 50 cm. A converter 33 equipped with a 
honeycomb structural body (measurement object), is 
arranged on the immediate downstream side of the 
exhaust manifold 32. An underfloor converter 34 having 
a volume of 1700 cc and a muffler 35 are connected on 
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the downstream side of the converter 33. A dynamome- 
ters 36 is connected to the output shaft of the engine 31 . 
Using this testing system 30, the engine output at the 
maximum output state of the engine 31 was measured 
by the dynamometer 36. The measurement was con- 5 
ducted with respect to a group of converters 33 on the 
immediate downstream side of the exhaust manifold 32, 
which were equipped with respective catalyst carriers 
constituted by ceramic honeycomb structural bodies 
having a constant size (volume 1700 cc) and different 
open frontal area. The result of such measurement is 
shown in Fig. 1 2 from which it can be appreciated that a 
decremental tendency of the engine output with 
decrease in the open frontal area of the ceramic honey- 
comb structural body becomes remarkable at an open 
frontal area of less than 70 %, particularly less than 65 
%. 

Further explanation will be made hereinafter, with 
reference to exhaust gas clarifying performance 
achieved by an exhaust gas clarification system for 
automobiles which is provided with a ceramic honey- 
comb catalyst including the ceramic honeycomb struc- 
tural body 10 according to the present invention. 

As known in the art, it is a general practice to per- 
form the exhaust gas measurement of actual vehicles in 
an operational state in accordance with a predeter- 
mined vehicle speed pattern which is defined by a par- 
ticular test driving mode. As a representative example of 
such test driving mode, Fig. 1 3A shows a diagram of the 
vehicle speed pattern of the LA-4 mode, and Fig. 13B 
shows the detailed vehicle speed pattern during the ini- 
tial 505 seconds in the LA-4 mode. 

A test vehicle with a 6-cylinder gasoline engine hav- 
ing a displacement of 2500 cc was used to perform the 
exhaust gas measurement in an operational state in 
accordance with the vehicle speed pattern of the LA-4 
mode, with respect to a series of catalytic converters 
sequentially connected on the immediate downstream 
side of the exhaust manifold of the exhaust gas system. 
These converters include respective ceramic honey- 
comb catalyst carriers each being of same size or vol- 
ume and cell density, i.e., 1200 cc and 60 cells/cm 2 , and 
a different partition wall thickness. For each such con- 
verter, accumulated discharge amount of hydrocarbon 
(HC) was measured during the initial 505 seconds of the 
LA-4 mode. The data obtained by such measurement is 
shown in Fig. 1 4 from which it can be appreciated that a 
reduction in the partition wall thickness results in 
decreased discharge amount of hydrocarbon. 

Fig. 15 shows the discharge amount of hydrocar- 
bon during the initial 505 seconds in the LA-4 mode, the 
data of which has been obtained with respect to the 
same series of converters as mentioned above. It can 
be appreciated from Fig. 1 5 that a reduced partition wall 
thickness results in a decreased hydrocarbon emission 
amount, and such a decremental tendency becomes 
remarkable at a partition wall thickness of no more than 
0.124 mm. 

Further investigation has been conducted to ascer- 



tain the relationship between the discharge amount of 
hydrocarbon and the heat capacity of the catalyst. The 
data obtained by such investigation is shown in Fig. 16 
from which it can be appreciated that a reduction in the 
heat capacity results in a decreased hydrocarbon emis- 
sion amount, and such a decremental tendency 
becomes remarkable at a heat capacity of no more than 
450 kJ/m 3 , preferably no more than 410 kJ/m 3 . 

Still further investigation has been conducted to 
ascertain the relationship between the heat capacity of 
the catalyst and the clarification efficiency for each 
emission component (NOx, CO, HC) until the so called 
"Bag A2 peak" is reached. The data obtained by such 
investigation is shown in Fig. 1 7 from which it can be 
appreciated that a reduced heat capacity results in an 
increased cleaning efficiency for each emission compo- 
nent, and such an incremental tendency also becomes 
remarkable at a heat capacity of no more than 450 
kJ/m 3 , preferably no more than 410 KJ/m 3 . 

As known in the art, the performance of the exhaust 
gas clarification system for automobiles in the cold start 
state is primarily determined by the quality of the tem- 
perature elevation characteristic of the catalyst carrier 
itself, and the clarification performance can be improved 
by a reduced bulk density of the catalyst carrier, hence 
by a reduced heat capacity of the catalyst. Thus, the 
temperature of the catalyst carrier during the initial 505 
seconds in the LA-4 mode was measured using a test 
vehicle with a 6-cylinder gasoline engine having a dis- 
placement of 2500 cc, with respect to a series of cata- 
lytic converters sequentially connected on the 
immediate downstream side of the exhaust manifold of 
the exhaust gas system. In this case also, each con- 
verter includes a ceramic honeycomb catalyst carrier of 
same size or volume and cell density, i.e., 1200 cc and 
60 cells/cm 2 , and a different partition wall thickness. 
The temperature of each catalyst carrier was measured 
at a central portion of the carrier, which is spaced 15 
mm from the exhaust gas inlet side. The data obtained 
by such measurement is shown in Fig. 18 from which it 
can be appreciated that a reduced partition wall thick- 
ness and hence a reduced bulk density of the catalyst 
carrier results in improvement in the temperature eleva- 
tion characteristic of the carrier. It can be further recog- 
nized from Fig. 18 that metal honeycomb catalyst has a 
relatively low temperature elevation rate than ceramic 
honeycomb catalyst. This is considered to result from 
the fact that metal has a higher heat conductivity than 
ceramics and thus provides a higher amount of heat dis- 
sipation during the temperature elevation process than 
ceramics. 

Furthermore, the amounts of various emission 
components (NOx, CO, HC) emitted during the initial 
505 seconds in the LA-4 mode were measured using a 
test vehicle with a 6-cylinder gasoline engine having a 
displacement of 2500 cc, with respect to a series of hon- 
eycomb catalytic converters sequentially connected on 
the immediate downstream side of the exhaust manifold 
of the exhaust gas system. These converters were 
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equipped with ceramic honeycomb catalyst carriers and 
a metal honeycomb catalyst carrier, respectively. The 
data obtained by such measurement is shown by the 
bar graph in Fig. 19 from which it can be appreciated 
that the ceramic honeycomb catalyst carriers are supe- 5 
rior in the exhaust gas clarification performance than 
the metal honeycomb catalyst carrier. 

As described above, the ceramic honeycomb struc- 
tural body 10 according to the present invention has an 
A-axis compressive strength of no less than 50 kgf/cm 2 10 
and a B-axis compressive strength of no less than 5 
kgf/cm 2 . The inventors conducted thorough investiga- 
tions and experiments, aiming at improvement in the 
compressive strength characteristics of the ceramic 
honeycomb structural body. As a result, it has been con- 15 
firmed that deformation or defects which may occur in 
the partition walls during the production stage of the 
honeycomb structural body significantly causes the 
compressive strength to decrease. The inventors further 
reached a recognition that, in order to realize an excel- 20 
lent compressive strength characteristics notwithstand- 
ing a thin-walled structure of the ceramic honeycomb 
structural body, it is of particular importance to maintain 
the degree of the deformation of the partition walls and 
discontinuity or the like defects within quantitatively pre- 25 
determined ranges, respectively. 

First of all, explanation will be made of a bend 
deformation of the partition walls as one mode of possi- 
ble deformation thereof. There may be instances 
wherein bend deformation occurs, e.g., at the inside of 30 
a ceramic honeycomb structural body, though the bend 
deformation tends to occur more frequently at a region 
of a partition wall in the vicinity of its junction to the 
peripheral wall. The bend deformation can be recog- 
nized, e.g., as a bend or curvature of the partition walls 35 
by observing the honeycomb structural body from the 
flow passage direction. 

With reference to a unit partition wall, i.e., that por- 
tion of a partition wall which forms an arbitrary flow pas- 
sage in the honeycomb structural body and which may 40 
have been subjected to a bend deformation into an 
arcuate shape, for example, it is particularly convenient 
to define the center line of the unit partition wall so as to 
enable a quantitative evaluation of the degree of the 
bend deformation. Specifically, as shown in Fig. 20, the 45 
center line of the unit partition wall can be defined as a 
line which passes through centers of circles inscribing 
both sides of that partition wall. Between any two pints 
on such center line which are spaced from each other 
by a linear distance L A , the center line has an actual 50 
length L B which is always greater than the distance L A 
when the partition wall has been subjected to the bend 
deformation. Thus, the degree of the bend deformation 
can be expressed in terms of the length ratio Lb/L a as 
exemplified in Fig. 21A. The two points on the center 55 
line for calculating the length ratio LB/LA are selected 
such that the length ratio Lb/L a becomes maximum. As 
for the configuration of the bend deformation, besides a 
deformation into an arcuate shape wherein the partition 



wall is bent over the entire length, there are also 
instances wherein the center line of the partition wall is 
comprised of two straight line segments joined to each 
other at an angle, or the partition wall is bent only 
locally, as shown in Fig. 21 B and Fig. 21 C, respectively. 

According to the present invention, for substantially 
all the partition walls in the honeycomb structure, it is 
advantageous to maintain the length ratio Lb/L a within a 
range between 1 and 1.10, and to ensure that the 
number of the partition walls having the length ratio 
Lb/L a within a range between 1.10 and 1.15 is no more 
than 1 % of the total number of the partition walls. 

Fig. 22 is a graph showing the relationship between 
the isostatic strength and the deformation amount, i.e., 
the maximum value of the length ratio Lb/L a in the par- 
tition walls of one ceramic honeycomb structural body. 
Before performing an isostatic destruction test, the 
length ratio Lb/L a was measured in advance, with 
respect to each partition wall which had been subjected 
to a large deformation and therefore predicted to 
become a destruction point. The isostatic destruction 
test was then performed with respect to a series of hon- 
eycomb structural bodies which are different in the par- 
tition wall thickness, so as to investigate the relationship 
between the isostatic strength and the length ratio Lb/L a 
of the partition wall at the destruction point. Each hon- 
eycomb structural body subjected to such isostatic 
destruction test is of a standard size having a round 
shape with an outer diameter of approximately 1 00 mm. 
In Fig. 22, the curve on the upper side shows the data 
for a relatively thick partition wall and the curve on the 
lower side shows the data for a relatively thin partition 
wall. It has been revealed by such investigations that the 
isostatic strength tends to rapidly increase when the 
length ratio Lg/L^ decreases to 1 .10 or less. 

Fig. 23 is a graph showing the dispersion, in a sta- 
tistical sense, of the length ratio Lb/L a assumed by 
those partition walls in arbitrary cross-section of one 
honeycomb structural body, which had been subjected 
to bending deformation. This graph schematically 
shows the frequency of various length ratio Lb/L a 
assumed by such deformed partition walls. It is appar- 
ent that the frequency in question is dependent on the 
length ratio Lb/L a of such partition walls. There are of 
course ceramic honeycomb structural bodies wherein 
all the partition walls have the length ratio Lb/L a of 1.10 
or less, and also ceramic honeycomb structural bodies 
which include partition walls having the length ratio 
Lb/L a in excess of 1 .10. 

Fig. 24 is a graph showing the relationship between 
the isostatic strength and the proportion 
(N'/N) x 100 % in quantity occupied by the number N' 
of the deformed partition walls each having a length 
ratio I_b/ a which is within a range between 1.10 and 
1.15, with reference to the total number N of the parti- 
tion walls. In Fig. 24, the curve on the upper side shows 
the data for a relatively thick partition wall, and the curve 
on the lower side shows the data for a relatively thin par- 
tition wall. It can be appreciated from this graph that the 
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isostatic strength tends to rapidly increase when the 
above-mentioned quantity proportion decreases to 1 .0 
% or less. 

The reasons for such a tendency of the isostatic 
strength may be explained as follows. That is to say an 
increased quantity proportion of the deformed partition 
walls often results in a higher probability of the occur- 
rence of clusters wherein two or more deformed parti- 
tion walls are located in succession as shown in Fig. 
25A. In this instance, considerably deformed partition 
walls may be situated adjacent to each other. The hon- 
eycomb structural body with the above-mentioned clus- 
ters of the deformed partition walls is in clear contrast in 
terms of the local structural strength, with the honey- 
comb structural body wherein deformed partition walls 
are dispersed with an intervening distance from each 
other as shown in Fig. 25B. That is to say, when the 
deformed partition walls are clustered, the cell-like flow 
channels tend to be more readily crushed and the struc- 
tural strength tends to decrease. Furthermore, in the 
case of an isostatic destruction test with respect to the 
honeycomb structural body wherein the deformed parti- 
tion walls are clustered, the regions of the honeycomb 
structural body having a decreased strength become 
the destruction points to lower the isostatic strength as 
well. 

It has been confirmed that, when the above-men- 
tioned quantity proportion of the deformed partition 
walls exceeds 1 .0 %, the clusters of such deformed par- 
tition walls tend to be formed with a higher probability 
thereby lowering the isostatic strength. On the contrary 
when the quantity proportion of the deformed partition 
walls is 1 .0 % or less, the clusters of such deformed par- 
tition walls tend to be formed with a lower probability 
and this results in a dispersion of the deformed partition 
walls to provide a higher local structural strength and 
hence a higher isostatic strength. 

In the next place, explanation will be made of a 
crush deformation of the partition walls as another 
mode of possible deformation thereof. As distinguished 
from the above-mentioned bend deformation of the par- 
tition walls, the crush deformation occurs as a change in 
the intersection angle between adjacent unit partition 
walls forming a cell-like flow passage. Thus, for exam- 
ple, in the case of flow passages with a square cross- 
section, the crush deformation occurs as transformation 
of a rhombic cross-section of the flow passage. In this 
case, as shown in Fig. 26, any flow passage in the hon- 
eycomb structural body may be deemed to have lattice 
points each defined by a center of the maximum 
inscribed circle inscribing at least three corners at an 
intersection of adjacent unit partition walls. Then, with 
reference to diagonal lines connecting opposite pairs of 
such lattice points, respectively, the degree of the crush 
deformation of the partition walls can be conveniently 
quantified by a length ratio L max /L min of the maximum 
diagonal line length Lmaxto the minimum diagonal line 
length L min . 

Advantageously, the above-mentioned length ratio 



L maAmin is within a range between 1 and 1.73 in the 
case of square cross-section of the flow passages 
shown in Fig. 26, and within a range between 1.15 and 
1 .93 in the case of hexagonal cross-section of the flow 

5 passages shown in Fig. 27A and Fig. 27B. Graphs 
shown in Fig. 28 and Fig. 29 illustrate the relationship of 
the length ratio L max /L mjn and the isostatic strength with 
reference to square cross-section and hexagonal cross- 
section of the flow passages, respectively, with the par- 

w tition wall thickness as a parameter. In Fig. 28 and Fig. 
29, the curves on the upper sides show the data for rel- 
atively thick partition walls, and the curves on the lower 
sides show the data for relatively thin partition walls, 
respectively. It can be appreciated from these graphs 

15 that the isostatic strength rapidly tends to rapidly 
increase when the length ratio L max /L min is reduced to 
1 .73 or less in the case of square cross-section of the 
flow passage, or reduced to 1.93 or less in the case of 
hexagonal cross-section of the flow passage. 

20 Besides the above-mentioned bend and crush 
deformations of the partition walls, the isostatic strength 
of the honeycomb structural body also tends to 
decrease when a gap is formed in any cross-section of 
the honeycomb structural body, due to a discontinuity of 

25 the partition wall in the flow passage direction. There 
are shown in Fig. 30A and Fig. 30B the shapes of the 
partition walls with such a discontinuity as observed in 
the flow passage direction. The discontinuity of the par- 
tition wall may occur at a position between the lattice 

30 points or at the lattice points, and the number of lacks in 
both cases is counted to be 1 . 

According to the present invention, the number N DT 
of the partition walls having a discontinuity in the flow 
passage direction to form a gap in any cross-section of 

35 the honeycomb structural body is advantageously no 
more than 1 .0 % of the total number N of the partition 
walls in the honeycomb structural body. Furthermore, 
with reference to an outer peripheral region of the hon- 
eycomb structural body including inner 20th flow pas- 

40 sages as counted from the outermost periphery of the 
honeycomb structural body, the number N D2 o of the par- 
tition walls included in that region and having a disconti- 
nuity in the flow passage direction to form a gap in any 
cross-section of the honeycomb structural body is 

45 advantageously no more than 0.5 % of the total number 
N of the partition walls in the honeycomb structural 
body. 

Fig. 31 and Fig. 32 are graphs showing the relation- 
ship between the isostatic strength and the number N D> 

so N D2 o of the partition walls having a discontinuity, 
respectively, with the partition wall thickness as the 
parameter. In Fig. 31 and Fig. 32, the curves on the 
upper sides show the data for relatively thick partition 
walls, and the curves on the lower sides show the data 

55 for relatively thin partition walls, respectively. It can be 
appreciated from Fig. 31 that the isostatic strength rap- 
idly tends to rapidly increase when the proportion 
(N DT /N) x 100% occupied by the number N D of the 
discontinuous partition walls with respect to the total 
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number N of the partition walls in the honeycomb struc- 
tural body as a whole is reduced to 1 .0 % or less. Fur- 
ther investigations were conducted to ascertain the 
relationship between the isostatic strength and the loca- 
tion of the discontinuity of the partition walls, taking into 
consideration the number of the partition walls included 
in the above-mentioned outer peripheral region of the 
honeycomb structural body and having a discontinuity 
in the flow passage direction. As can be appreciated 
from Fig. 32, such investigation reveals that the isostatic 
strength tends to rapidly increase when the proportion 
(N D20 /N) x 100 % occupied by the number N D2 o of the 
discontinuous partition walls in the outer peripheral 
region of the honeycomb structural body with respect to 
the total number N of the partition walls in the honey- 
comb structural body as a whole is reduced to 0.5 % or 
less. 

It should be noted that all the data of the isostatic 
strength explained above with reference to the drawings 
are those obtained from the honeycomb structural body 
having the cell-like flow passages of a square cross- 
section and a round outer shape. However, it is also 
possible to achieve essentially same functions and 
advantages by honeycomb structural bodies having 
flow passages of triangular or hexagonal cross-section 
and by honeycomb structural bodies of oval outer 
shape, provided that the above-mentioned conditions of 
the present invention are satisfied. 

It will be appreciated from the foregoing detailed 
description that the present invention a thin-walled 
ceramic honeycomb structural body with a reduced par- 
tition wall thickness as compared with that of the prior 
art structure, making it possible to realize an increased 
open frontal area and a reduced pressure loss, and to 
thereby decrease the heat capacity of the honeycomb 
structural body when it is used as the catalyst carrier. 
According to the present invention, furthermore, it is 
also possible to provide a ceramic honeycomb struc- 
tural body having practically satisfactory compressive 
strength characteristics notwithstanding the thin-walled 
structure, by satisfying the particular relationships 
between the partition wall thickness and the open fron- 
tal area and/or bulk density of the ceramic honeycomb 
structural body, and quantitatively maintaining the spe- 
cifically defined ranges of the degree of deformation 
and the number of discontinuity or the like defects, 
which may occur in the partition walls in the production 
stage of the ceramic honeycomb structural body. 

Claims 

1. A ceramic honeycomb structural body comprising 
an outer peripheral wall having a thickness of at 
least 0.1 mm, and partition walls arranged inside of 
the peripheral wall and having a thickness (t) within 
a range of 0.050 mm and 0.150 mm, a number of 
flow channels being defined by said peripheral wall 
and said partition walls and arranged adjacent to 
each other with said partition walls between neigh- 



boring flow passages, said flow passages having a 
polygonal cell-like cross-section and extending lon- 
gitudinally through said honeycomb structural body, 
said honeycomb structural body comprising a 
5 ceramic material having a true specific gravity and 
a porosity, and said honeycomb structural body sat- 
isfying at least one of the following formulae (1) and 
(2): 

10 0.65 < OFA < -0.58 x t + 0.98 (1) 

k x {1 - (-0.58 x t + 0.98)} < G < k x 0.35 (2) 

wherein OFA and G are an open frontal area and a 
15 bulk density of the honeycomb structural body, 
respectively, and k is a factor representing said true 
specific gravity multiplied by (1 - porosity); said hon- 
eycomb structural body further having an A-axis 
compressive strength of no less than 50 kgf/cm 2 
20 and a B-axis compressive strength of no less than 5 
kgf/cm 2 . 

2. The ceramic honeycomb structural body according 
to claim 1 and satisfying the formula (1), wherein 

25 the thickness (t) of said partition walls is no more 
than 0.124 mm and the open frontal area of the 
honeycomb structural body is no less than 0.70. 

3. The ceramic honeycomb structural body according 
30 to claim 1 and satisfying the formula (2), wherein 

the thickness (t) of said partition walls is no more 
than 0. 124 mm and the bulk density G of the honey- 
comb structural body is no less than k x 0.30. 

35 4. The ceramic honeycomb structural body according 
to claim 1 , 2 or 3 wherein each unit partition wall in 
the cross-section of the honeycomb structural body 
has opposite sides and a center line passing 
through centers of circles inscribing both sides of 

40 the partition wall, and wherein a center line length 
(L B ) measured between any two points along said 
center line has a ratio to a linear distance (L A ) 
between said two points, said ratio (Lb/L a ) being 
within a range between 1 and 1.10. 

45 

5. The ceramic honeycomb structural body according 
to any of claims 1 to 4 wherein each unit partition 
wall in the cross-section of the honeycomb struc- 
tural body has opposite sides and a center line 

so passing through centers of circles inscribing both 
sides of the partition wall, and wherein the partition 
walls of a number which corresponds to no more 
than 1% of all the partition walls have a ratio of a 
center line length (L B ) measured between any two 

55 points along said center line to a linear distance 
(L A ) between said two points, said ratio (Lb/L a ) 
being within a range between 1.10 and 1.15. 

6. The ceramic honeycomb structural body according 
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to any of claims 1 to 5 wherein each cell defining a 
flow passage in the cross-section of the honey- 
comb structural body has lattice points each 
defined by a center of the maximum inscribed circle 
inscribing at least three corners at intersections of 5 
adjacent unit partition walls, a first pair of opposite 
lattice points being connected by a first diagonal 
line of the maximum length (L max ), and a second 
pair of opposite lattice points being connected by a 
second diagonal line of the minimum length (L min ) p w 
said maximum length having a ratio (L max /L min ) to 
said minimum length, which is within a range 
between 1 and 1 .73 in the case of flow passages of 
a square cross-section, and within a range between 
1.15 and 1 .93 in the case of flow passages of a hex- 15 
agonal cross-section. 

7. The ceramic honeycomb structural body according 
to any of claims 1 to 6 wherein the partition walls of 

a number corresponding to no more than 1 % of all 20 
the partition walls in the cross-section of the honey- 
comb structural body have defects which form 
cross-sectional gaps in said honeycomb structural 
body. 

25 

8. The ceramic honeycomb structural body according 
to any of claims 1 to 7 wherein said honeycomb 
structural body has an outer peripheral region 
including inner 20th cells counted from an outer- 
most periphery of the honeycomb structural body, 30 
the partition walls having defects which form cross- 
sectional gaps in said honeycomb structural body 
and included in said outer circumferential region 
being of a number corresponding to no more than 

0.5 % of all the partition walls in the cross-section of 35 
the honeycomb structural body. 

9. The ceramic honeycomb structural body according 
to any of claims 1 to 8 which has been formed by an 
integral extrusion molding process. 40 

10. The ceramic honeycomb structural body according 
to any of claims 1 to 9 which is for a catalyst carrier 
in an exhaust gas clarification system for internal 
combustion engines. 45 

11. The ceramic honeycomb structural body according 
to any of claims 1 to 10 wherein the flow passages 
are of square cross-section, said honeycomb struc- 
tural body comprising cordierite and being for a cat- 50 
alyst carrier in an exhaust gas clarification system 

for automobiles. 

12. The ceramic honeycomb structural body according 

to any of claims 1 to 11 comprising at least one 55 
member selected from the group consisting of mul- 
lite, alumina, silicon carbide, silicon nitride and zir- 
conia. 



13. A ceramic honeycomb catalyst comprising a cata- 
lyst carrier formed of a ceramic honeycomb struc- 
tural body, and a catalytic substance carried by said 
honeycomb structural body, said honeycomb struc- 
tural body being according to any one of claims 1 to 
12; and said catalyst having a heat capacity of no 
more than 450 kJ/K per 1 m 3 of the catalyst. 

14. The ceramic honeycomb catalyst according to 
claim 13, wherein said honeycomb structural body 
satisfies the formula (1), said thickness of said par- 
tition walls being no more than 0.124 mm, and the 
open frontal area of the honeycomb structural body 
being no less than 0.70, and wherein the heat 
capacity of said catalyst is no more than 410 kJ/K 
per 1 m 3 of the catalyst. 

15. The ceramic honeycomb catalyst according to 
claim 13, wherein said honeycomb structural body 
satisfies the formula (2), said thickness of said par- 
tition walls being no more than 0.124 mm, and the 
bulk density of the honeycomb structural body 
being no less than k x 0.30, and wherein the heat 
capacity of said catalyst is no more than 410 kJ/K 
per 1 m 3 of the catalyst. 

16. The ceramic honeycomb catalyst according to 
claim 13, 14 or 15, which is for an exhaust gas clar- 
ification system for internal combustion engines. 

Patentanspriiche 

1. Keramikkorper mit Wabenstruktur, urrrfassend eine 
periphere AuBenwand mit einer Dicke von zumin- 
dest 0,1 mm und Trennwande, die innerhalb der 
peripheren Wand angeordnet sind und eine Dicke 
(t) im Bereich von 0,050 mm und 0,150 mm aufwei- 
sen, wobei eine Anzahl Stromungskanale durch die 
periphere Wand und die Trennwande definiert und 
aneinander angrenzend angeordnet sind, wobei 
sich die Trennwande zwischen benachbarten Stro- 
mungsdurchgangen befinden und wobei die Stro- 
mungsdurchgange einen polygonalen, zellartigen 
Querschnitt aufweisen und sich in Langsrichtung 
durch den Wabenstrukturkorper hindurch erstrek- 
ken, der ein Keramikmaterial umfasst, das ein ech- 
tes spezifisches Gewicht und Porositat aufweist, 
und wobei der Wabenstrukturkorper zumindest 
einer der folgenden Formeln (1) und (2) geniigt: 

0,65 < OFA < -0,58 xt + 0,98 (1) 

k x {1 - (-0,58 x t + 0,98)} < G < k x 0,35 (2) 

worin OFA und G eine offene Stirnflache bzw. eine 
Gesamtdichte des Wabenstrukturkorpers sind und 
k ein Faktor ist, der das echte spezifische Gewicht 
multipliziert mit (1 - Porositat) darstellt; wobei der 
Wabenstrukturkorper eine A-Achsen-Druckfestig- 
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keit von zumindest 50 kp/cm 2 und eine B-Achsen- 
Druckfestigkeit von zumindest 5 kp/cm 2 besitzt. 

2. Keramikkorper mit Wabenstruktur nach Anspruch 

1, der Formel (1) geniigt, worin die Dicke (t) der 5 
Trennwande hochstens 0,124 mm betragt und die 
offene Stirnflache des Wabenstrukturkorpers 
zumindest 0,70 betragt. 

3. Keramikkorper mit Wabenstruktur nach Anspruch 10 
1, der Formel (2) geniigt, worin die Dicke (t) der 
Trennwande hochstens 0,124 mm betragt und die 
Gesamtdichte G des Wabenstrukturkorpers zumin- 
dest kx 0,30 betragt. 

15 

4. Keramikkorper mit Wabenstruktur nach Anspruch 
1, 2 oder 3, worin jede Trennwandeinheit im Quer- 
schnitt des Wabenstrukturkorpers gegeniiberlie- 
gende Seiten und eine Mittellinie besitzt, die durch 
Mittelpunkte von beide Seiten der Trennwand ein- 20 
schreibenden Kreisen ftihrt, und worin eine Mittelli- 
nienlange (L B ), die zwischen beliebigen zwei 
Punkten entlang der Mittellinie gemessen wird, ein 
Verhaltnis zur linearen Entfernung (L A ) zwischen 
den beiden Punkten aufweist, wobei das Verhaltnis 25 
(Lb/La) im Bereich zwischen 1 und 1,10 liegt. 

5. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 4, worin jede Trennwandeinheit im 
Querschnitt des Wabenstrukturkorpers gegenuber- 30 
liegende Seiten und eine Mittellinie besitzt, die 
durch Mittelpunkte von beide Seiten der Trennwand 
einschreibenden Kreisen ftihrt, und worin die 
Trennwande einer Anzahl, die hochstens 1 % aller 
Trennwande entspricht, ein Verhaltnis einer Mittelli- 35 
nienlange (L B ), die zwischen beliebigen zwei Punk- 
ten entlang der Mittellinie gemessen wird, zu einem 
linearen Abstand (L A ) zwischen den beiden Punk- 
ten aufweist, wobei das Verhaltnis (Lb/L a ) im 
Bereich zwischen 1,10 und 1,15 liegt. 40 

6. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 5, worin jede Zelle, die einen Stro- 
mungsdurchgang im Querschnitt des Wabenstruk- 
turkorpers definiert, Gitterpunkte besitzt, diejeweils 45 
durch einen Mittelpunkt des maximalen einge- 
schriebenen Kreises, der zumindest drei Ecken der 
Schnittstellen angrenzender Trennwandeinheiten 
einschreibt, definiert sind, wobei ein erstes Paar 
gegentiberliegender Gitterpunkte durch eine erste 50 
diagonale Linie der maximalen Lange (L max ) ver- 
bunden ist und ein zweites Paar gegentiberliegen- 
der Gitterpunkte durch eine zweite diagonale Linie 
der minimalen Lange (L min ) verbunden ist, wobei 

die maximale Lange zur minimalen Lange in einem 55 
Verhaltnis (L max /L min ) stent, das im Falle von StrO- 
mungsdurchgangen mit quadratischem Querschnitt 
im Bereich zwischen 1 und 1,73 und im Falle von 
Stromungsdurchgangen mit sechseckigem Quer- 



schnitt im Bereich zwischen 1,15 und 1,93 liegt. 

7. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 6, worin die Trennwande einer 
Anzahl, die nicht mehr als 1% aller Trennwande im 
Querschnitt des Wabenstrukturkorpers entspricht, 
Fehler aufweisen, die Spalten in Querschnittsrich- 
tung im Wabenstrukturkorper bilden. 

8. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 7, worin der Wabenstrukturkorper 
einen peripheren AuBenbereich aufweist, der die 
inneren 20. Zellen, gezahlt von einer auBersten 
Peripherie des Wabenstrukturkorpers, enthalt, 
wobei die Trennwande Fehler aufweisen, die Spal- 
ten in Querschnittsrichtung im Wabenstrukturkor- 
per bilden und im auBeren Umfangsbereich 
enthalten sind, wobei ihre Anzahl hochstens 0,5% 
aller Trennwande im Querschnitt des Wabenstruk- 
turkorpers ausmacht. 

9. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 8, der durch ein integrales Strang- 
pressverfahren gebildet wurde. 

10. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 9, der fur einen Katalysatortrager 
in einem Abgasreinigungssystem fur Verbren- 
nungsmotoren verwendet wird. 

11. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 10, worin die Stromungsdurch- 
gange einen quadratischen Querschnitt aufweisen, 
wobei der Wabenstrukturkorper Cordierit umfasst 
und fur einen Katalysatortrager in einem Auto- 
Abgasreinigungssystem verwendet wird. 

12. Keramikkorper mit Wabenstruktur nach einem der 
Anspriiche 1 bis 1 1 , umfassend zumindest ein Mit- 
glied, das aus der aus Mullit, Aluminiumoxid, Silizi- 
umcarbid, Siliziumnitrid und Zirkoniumoxid 
bestehenden Gruppe ausgewahlt ist. 

13. Keramischer Wabenkatalysator, umfassend einen 
aus einem Keramikkorper mit Wabenstruktur gebil- 
deten Katalysatortrager und eine durch den 
Wabenstrukturkorper getragene katalytische Sub- 
stanz, wobei der Wabenstrukturkorper gemaB 
einem der Anspriiche 1 bis 1 2 ist; und der Katalysa- 
tor eine Warmekapazitat von hochstens 450 kJ/K 
pro 1 m 3 Katalysator aufweist. 

14. Keramischer Wabenkatalysator nach Anspruch 13, 
worin der Wabenstrukturkorper der Formel (1) 
geniigt, wobei die Dicke der Trennwande hochstens 
0,124 mm betragt und die offene Stirnflache des 
Wabenstrukturkorpers zumindest 0,70 betragt, und 
worin die Warmekapazitat des Katalysators hoch- 
stens 410 kJ/K pro 1 m 3 Katalysator betragt. 



12 



23 



EP0 636 410 B1 



24 



15. Keramischer Wabenkatalysator nach Anspruch 13, 
worin der Wabenstrukturkorper der Formel (2) 
geniigt, wobei die Dicke der Trennwande hochstens 
0,124 mm betragt und die Gesamtdichte des 
Wabenstrukturkorpers zumindest k x 0,30 betragt, 
und worin die Warmekapazitat des Katalysators 
hochstens 410 kJ/K pro 1 m 3 Katalysator betragt. 

16. Keramischer Wabenkatalysator nach Anspruch 13, 
14 oder 15, der fur ein Abgasreinigungssystem fur 
Verbrennungsmotoren verwendet wird. 

Revendications 

1. Corps de structure en nid d'abeilles de ceramique 
comprenant une paroi peripherique externe ayant 
une epaisseur d'au moins0,1 mm, etdes parois de 
separation agences a I'interieurde la paroi periphe- 
rique et ayant une epaisseur (t) comprise entre 
0,050 mm et 0,150 mm, un certain nombre de 
canaux d'ecoulement etant definis par ladite paroi 
peripherique et lesdites parois de separation et 
agences adjacents les uns aux autres avec lesdites 
parois de separation entre des passages voisins 
d'ecoulement, lesdits passage d'ecoulement ayant 
une section transversale d'alveoles polygonales et 
s'etendant longitudinalement a travers ledit corps 
de structure en nid d'abeilles, ledit corps de struc- 
ture en nid d'abeilles comprenant une matiere cera- 
mique ayant une densite reelle et une porosite et 
ledit corps de structure en nid d'abeilles satisfaisant 
au moins I'une des formules (1) et (2) qui suivent : 

0,65 < OFA < -0,58 x t + 0,98 (1) 

k x {1 - (-0,58 x t + 0,98)} < G ^ k x 0,35 (2) 

ou OFA et G sont une aire frontale ouverte et 
une densite apparente du corps de structure en nid 
d'abeilles, respectivement, et k est un facteur repre- 
sentant ladite densite reelle multipliee par (1 - poro- 
site) ; ledit corps de structure en nid d'abeilles ayant 
de plus une resistance a la compression sur I'axe A 
de pas moins de 50 kgf/cm 2 et une resistance a la 
compression sur I'axe B de pas moins de 5 kgf/cm 2 . 

2. Corps de structure en nid d'abeilles de ceramique 
selon la revendication 1 et satisfaisant la formule 

(1) , ou I'epaisseur (t) desdites parois de separation 
n'est pas plus importante que 0,124 mm et I'aire 
frontale ouverte du corps de structure en nid 
d'abeilles n'est pas inferieure a 0,70. 

3. Corps de structure en nid d'abeilles de ceramique 
selon la revendication 1 et satisfaisant la formule 

(2) , ou I'epaisseur (t) desdites parois de separation 
n'est pas plus importante que 0,124 mm et la den- 
site apparente G du corps de structure en nid 
d'abeilles n'est pas inferieure a kx 0,30. 



4. Corps de structure en nid d'abeilles de ceramique 
selon la revendication 1 , 2 ou 3 ou chaque paroi 
unitaire de separation dans la section transversale 
du corps de structure en nid d'abeilles a des cotes 

5 opposes et une ligne centrale passant a travers les 
centres des cercles inscrivant les deux cotes de la 
paroi de separation et ou une longueur de ligne 
centrale (L B ), mesuree entre deux points le long de 
ladite ligne centrale, a un rapport avec une distance 

w lineaire (L A ) entre lesdits deux points, ledit rapport 
(Lb/L a ) etant compris entre 1 et 1,10. 

5. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconques des revendications 1 a 4 

15 ou chaque paroi de separation unitaire dans la sec- 
tion transversale du corps de structure en nid 
d'abeilles a des cotes opposes et une ligne centrale 
passant par les centres des cercles inscrivant les 
deux cotes de la paroi de separation et ou les 

20 parois de separation, en un nombre qui correspond 
a pas plus de 1 % de toutes les parois de separa- 
tion, ont un rapport d une longueur de ligne centrale 
(L B ), mesuree entre deux points le long de ladite 
ligne centrale, a une distance lineaire (L A ) entre les- 

25 dits deux points, ledit rapport (Lb/L a ) etant compris 
entre 1,10 et 1,15. 

6. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconque des revendications 1 a 5 ou 

30 chaque alveole definissant un passage d'ecoule- 
ment dans la section transversale du corps de 
structure en nid d'abeilles a des points de reseau 
dont chacun est def ini par un centre du cercle maxi- 
mum inscrit inscrivant au moins trois coins a des 

35 intersections de parois unitaires adjacentes de 
separation, une premiere paire de points opposes 
du reseau etant connectee par une premiere diago- 
nal de la longueur maximale (L max ), et une 
seconde paire de points opposes du reseau etant 

40 connectee par une seconde diagonale de la lon- 
gueur minimale (L mjn ), ladite longueur maximale 
ayant un rapport (L max /L mjn ) avec ladite longueur 
minimale qui est compris entre 1 et 1,73 dans le 
cas de passages d'ecoulement de section transver- 

45 sale carree, et entre 1,15 et 1,93 dans le cas de 
passages d'ecoulement de section transversale 
hexagonale. 

7. Corps de structure en nid d'abeilles de ceramique 
so selon I'une quelconques des revendications 1 a 6 

ou les parois de separation en un nombre corres- 
pondant a pas plus de 1 % de toutes les parois de 
separation dans la section transversale du corps de 
structure en nid d'abeilles ont des defauts qui fbr- 
55 ment des espaces en section transversale dans 
ledit corps de structure en nid d'abeilles. 

8. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconques des revendications 1 a 7 
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ou ledit corps de structure en nid d'abeilles a une 
region peripherique externe comprenant 20 alveo- 
les internes comptees a partir d'une peripherie 
externe du corps de structure en nid d'abeilles, les 
parois de separation ayant des defauts qui torment 5 
des espaces en section transversale dans ledit 
corps de structure en nid d'abeilles et inclus dans 
ladite region circonferentielle externe, etant en un 
nombre correspondant a pas plus de 0,5 % de tou- 
tes les parois de separation dans la section trans- w 
versale du corps de structure en nid d'abeilles. 

9. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconques des revendications 1 a 8 
qui a ete forme par un procede de moulage par 15 
extrusion integrale. 



revendication 13, ou ledit corps de structure en nid 
d'abeilles satisfait a la formule (2), ladite epaisseur 
desdites parois de separation ne representant pas 
plus de 0, 1 24 mm, et la densite apparente du corps 
de structure en nid d'abeilles n'etant pas inferieure 
a k x 0,30, et ou la capacite de chaleur dudit cataly- 
seur n'est pas plus importante que 410 kJ/K pour 1 
m 3 du catalyseur. 

16. Catalyseur en nid d'abeilles de ceramique selon la 
revendication 13, 14 ou 15, qui est pour un systeme 
de clarification de gaz d'echappement pour des 
moteurs a combustion interne. 



10. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconque des revendications 1 a 9 qui 
est pour un support de catalyseur dans un systeme 20 
de clarification des gaz d'echappement pour des 
moteurs a combustion interne. 



11. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconques des revendications 1 a 10 25 
ou les passages d'ecoulement sont de section 
transversale carree, ledit corps de structure en nid 
d'abeilles comprenant de la cordierite et etant pour 
un support de catalyseur dans un systeme de clari- 
fication de gaz d'echappement pour des automobi- 30 
les. 



12. Corps de structure en nid d'abeilles de ceramique 
selon I'une quelconque des revendications 1 a 1 1 
comprenant au moins un 6l6ment s6lectionn6 dans 35 
le groupe consistant en mullite, alumine, carbure de 
silicium, nitrure de silicium et zircone. 



13. Catalyseur en nid d'abeilles de ceramique compre- 
nant un support de catalyseur forme d'un corps de 40 
structure en nid d'abeilles de ceramique, et une 
substance catalytique portee par ledit corps de 
structure en nid d'abeilles, ledit corps de structure 

en nid d'abeilles etant selon I'une quelconques des 
revendications 1 a 12 ; et ledit catalyseur ayant une 45 
capacite de chaleur de pas plus de 450 kJ/K pour 1 
m 3 du catalyseur. 

14. Catalyseur en nid d'abeilles de ceramique selon la 
revendication 13, ou ledit corps de structure en nid 50 
d'abeilles satisfait a la formule (1), ladite epaisseur 
desdites parois de separation n'etant pas plus 
importante que 0,124 mm, et I'aire frontale ouverte 

du corps de structure en nid d'abeilles n'etant pas 
plus petite que 0,70, et ou la capacite de chaleur 55 
dudit catalyseur ne represente pas plus de 410 
kJ/K pour 1 m 3 du catalyseur. 

15. Catalyseur en nid d'abeilles de ceramique selon la 



14 



EP0 636 410B1 



FIG. I 




FIG. 2 



12 

i Lj 



(3 




t 









15 



EP0 636 410B1 



FIG. 3 
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FIG. 5 
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FIG. 6 A 
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FIG. 8 
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FIG. I 2 




24 



EP0 636 410B1 



FIG.I3A 
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FIG. 1 6 
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FIG. 18 
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FIG. 19 
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FIG. 2 2 
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FIG.24 
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FIG. 32 
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